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SUMMARY 



Tests at two engine speeds were conducted on six 
representative fuelB rated at 100-ootane number "by the 
G.T.R. aviation method. Blends of these fuels with 
"benzene, toluene, xylene, and isopropyl ether comprise 
nine other fuels, making a total of 15 fuels tested in 
the present program. 

The data indicate that aromatic additions in small 
quantities cause substantial increases in rich-mixture 
performance with little or no detrimental effect at the 
leaner mixtures. Large proportions of aromatics result 
in large increases in rich-mixture performance hut tend 
to lower performance at leaner mixtures and may cause 
afterfiring. Ho preignition was evident in any of the 
tests. 

Introduction of engine speed as a variable compli- 
cates, the problem of knook rating considerably . Differ- 
ent engine speeds gave different knook ratings. There 
was some correlation between speed and knook rating for 
a given inlet-air temperature, but this was only a gen- 
eral trend. 

The variation in percent paraffins, naphthenes, and 
olefins was too small in these fuels to permit any eval- 
uation of base stocks or blending agents on the "basis of 
composition. 
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INTRODUCTION 



The tests on eight representative 100-ootane fuels 
(C.T.R. aviation method, referenoe l), reported In refer- 
enoe 2, have teen extended to inolude four more fuels of 
100-octane numtoer "by the same method, along with further 
tests on fuels 7 and 8 of referenoe 2. The earlier tests 
were all made at 2000 rpm; whereas the present results 
are reported for tooth 2000 and 3100 rpm. The effect of 
the addition of aromatlos to these fuels and the effect 
of engine speed have tooth toeen determined. These tests 
have toeen carried out upon the recommendation of the NAOA 
Subcommittee on Aircraft fuels and Lubricants. The re- 
sulto are presented in this report. The tests were made 
at the Langley Memorial Aeronautical Laboratory of the 
National Advisory Committee for Aeronautios during 1941 
and 1912. 



FUELS TESTED 



NAGA fuels 7 and 8, reported in reference 2, were 
tested at a higher engine speed to supplement the data 
already ototained on them. Euol 7 was also tested with 
an addition of 15 percent toenzene toy volume containing 
3.0 ml of tetraethyl lead per gallon. 

Tour additional fuels, test results of which are 
presented in this report, will toe designated NACA fupls 
9, 10, 11, and 12, continuing the numtoering system toegun 
in reference 2. 

The compositions of fuels 7 through 12 as to baee 
stocks and tolending agents are listed in tatole I, along 
with the tetraethyl lead content and the octane numtoer 
toy the O.F.R. aviation method. An approximate hydro- 
cartoon analysis of these fuels is given in tatole II. The 
complete inspection data are given in tatole III for the 
four new fuels, and figure 1 shows the distillation 
curves for these four fuels. Three of these gasolines 
contain large percentages of alkylate. The other is a 
tolend of a natural gasoline tolending naphtha in a com- 
mercial ieo-ootane of about 91-ootane numtoer. Fuel 12 is 
the only one containing appreciatole quantities of aro- 
matlos, the main constituents in all toeing paraffins. 
The tetraethyl lead content is approximately the same for 
the four fuels, and the ootane numtoers are all very close 
to 100. 
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To each of these four fuels was added. 15 percent 
"benzene containing 3.0 ml tetraethyl lead per gallon, 
for tests to determine the effects of aromatic additions. 
Tuel 11 vas also tested separately with 16-percent addi- 
tions of toluene, xylene, and isopropyl ether, and a 40- 
percent addition of mixed aromatios, all containing 3 . 0 ml 
tetraethyl lead per gallon. The percentages in all oases 
are "by volume, on the assumption of exact additivity of 
the "blending components. The mixed aromatios consisted of 
50 percent toluene, 37.5 percent xylene, and 12.5 percent 
"benzene. The hydrogen-oarbon ratios and the heats of com- 
bustion of the four fuels and the various fuel "blends are 
given in table IV. In the tables and figures tetraethyl 
lead is designated TEL, and values given are in milliliters 
per gallon. 



APPARATUS 



A description of the Lycoming 0-1230 single-cylinder 
set-up used in these tests is presented in reference 2. 
The cylinder differed from the one used in reference 2 
only in the spark plugs. Alterations were made to pro- 
vide for long-reach spark plugs instead of the short- 
reach bottom-seating plugs previously used. The long- 
reach plugs were installed so that the electrodes were 
approximately flush with the inner surface of the combus- 
tion chamber. This change eliminated the small pockets 
at the spark plugs and provided better lean-mixture op- 
eration. The difference in the combustion path caused by 
this change is shown in figure 2. The optimum epark ad- 
vance was decreased by about 8° at 2000 rpm. Bendix 
5-OLS, Bendix 5S-6, and Champion 0-34S spark plugs were 
used for these tests. 

A "Stanoal" magnetostriction pickup and an oscillo- 
graph were used for determining the point at whioh knock 
was encountered. The first derivative of the rate of 
change of pressure was used for this determination. 

The following engine conditions were maintained 
constant : 
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Engine speed 
2000 rpm 3100 rpm 

Spark advance, °B.T.C. 
Coolant inlet temperature, °F 
Compression ratio 
Oil outlet temperature, °T 



21 29 

250 250 

7.0 7.0 

165 175 



TB3T PROCEDURE 



The general test procedure used was the same as that 
described in reference 2. The "Stancal" pickup was used 
in place of the "audible knock" method previously used to 
establish maximum permissible performance level because 
the noise level near the engine at the higher speed (3100 
rpm) made the knock difficult to hear. The point at whioh 
knock could firet be detected on the oscillograph was used 
as the condition at which data were taken. Tests showed 
that this level of knock corresponded very closely with 
the knock level obtained at 93-percent audible knock in- 
let pressure at 2000 rpm, which was used for all the tests 
reported in reference 2. All values of inlet pressure are 
in inches of mercury absolute. 

The spark advance used for the tests of this report 
differed from that used previously in that the spark was 
retarded for one-half of 1 percent drop in power instead 
of the 1 percent used in reference 2. It is thought that 
this comes nearer to aotual service conditions, and the 
efficiency Is slightly higher. The optimum spark advanoe 
was also affected by the change to long-reach spark plugs 
as mentioned before. 

During the oourse of these tests the engine was 
thoroughly inspected after every 20 hours of operation. 
A standard routine was adopted which included checks on 
tappet clearances and valve timing, spark synchronisation 
and timing, injeotion timing, spark-plug condition, com- 
bustion-chamber condition (carbon), friction, and a rough 
check on oil consumption, Other less important checks 
were also made. 

Tests were made eaoh morning with 3-1 (or S-1A) fuel 
for ohecklng maximum permissible inlet pressure and power. 
At the conclusion of tests In the afternoon check runs 
were made with S-l (or 8-1A) + 1.0 ml tetraethyl 
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lead. If the maximum ^permissible 'inlet pressure did not 
check within ±1,0 inch of meroury at a fuel-air ratio of 
0.07 or, if the power did not check within 5 pounds- per 
square inch brake mean effective pressure at a fuel-air 
ratio of about 0.085 and at a given inlet pressure, the 
engine was examined to determine the cause* 

Aside from the differences just mentioned, the test 
prooedure was the same as described in reference 2. 



TEST. RESULT 8 



At present the commonly accepted method of rating 
fuels is to compare their knock-limit performance with 
that of mixtures of ieo-octane (-2 , 2, 4 . trimethylpentane ) 
and normal heptane for fuels -below 100-ootane number, or 
with that of iso-ootane plus various quantities of tetra- 
ethyl lead for fuels of better performance than 100- 
ootane-number fuels. Suitable calibrated reference fuels 
are used in actual engine operation because of their 
greater availability. Since the fuels tested were ex- 
pected to be equal to or better than 100 octane in the 
Lycoming cylinder; tho engine was calibrated only with 
the reference fuels S--1 and S-l plus tetraethyl lead. 
Because S-l became unavailable during the course of these 
tests, S-1A was used in its place for some of the refer- 
ence curves. Although exhaustive tests were not run, 
those that were run showed S-l and S-1A to have the same 
knock limits within the experimental error, 

Tests at 2000 rpm and 250° 7 Inlet-Air Temperature 

Performance of reference fuels .- The referenoe fuels 
for the tests at 2000 zpm and 250° I inlet-air temperature 
were S-1A and S-1A plus various quantities of tetraethyl 
lead. Figure 3 shows the performances obtained for the 
reference fuels, expressed as a function of the fuel-air 
ratio. The maximum knock mixture comes at a fuel-air ratio 
of about 0.07. At leaner mixtures there was a marked in- 
crease in- the maximum permissible indicated mean effective 
pressure. This increase is in contradiction to the be- 
havior reported in reference 2 for this cylinder. The 
difference is attributed to the elimination of the pockets 
at the spark plugs by the change to long-reach plugs. The 
Indicated fuel consumption was found -to be slightly lower 
at the extremely lean mixtures owing to the better lean- 
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mixture operation. For the richer mixtures, however, the 
indicated fuel consumption was the same ae "before within 
the experimental ■ error. 

Performance of BAOA fuels 9. 10. 11. and 12 .- figure 
4 shows the performance of NACA fuels 9, 10, 11, and 12. 
The S-1A reference curves are superimposed on the maximum 
permissible indicated mean-ef f eoti ve-prea sure curves so 
the fuels can he compared on a quantitative basis and 
given a knock rating. Fuel 11 is appreciably better than 
the other three throughout most of the fuel-air-ratio 
range. All four fuels have their best rating relative to 
S-1A at fuel-air ratios of 0.08 to 0.09. In this range 
they are all better than 8-1A + 1.0. and fuel 11 is 
slightly above S-1A + 2.0. It is interesting to note 
that many of these and the following fuels have perfom- 
ance curves that rise very steeply at the extremely rich 
mixtures. However, in most oases these steep rises come 
at mixtures too rich to be of any practical value. 

The indicated fuel consumption is about the same for 
all four fuels throughout the fuel-air-ratio range. Most 
ordinary fuels containing little or no aromatios have this 
characteristic This result agrees with referenoe 2. The 
reference fuels for these engine conditions show the same 
indioated fuel consumptions as the test fuels. The point 
of minimum fuel consumption is at a fuel-air ratio of 
about 0.06, slightly lower than the chemically correct 
fuel-air ratio. 

In figure 5 are plotted the results of tests of fuels 
9, 10, and 11 conducted by the Ssso Laboratories, who fur- 
nished the data and granted permission to publish. These 
tests were made according to the C.F.R. supercharge method 
(reference 3). Fuel 11 here rates slightly higher than 
the others, with 9 and 10 following in that order. The 
fuels thus rate in the same order as in the Lycoming cyl- 
inder at 2000 rpm and 350° F inlet-air temperature although 
the quantitative ratings do not agree. The rich-mixture 
rating for the C.F.R. supercharge method is probably at a 
fuel-air ratio of about 0.10. At thie point the ratings 
on the C.F.R. engine vary from 8-1 +0.2 for fuel 10 to 
8-1 + 0.6 for fuel 11. These ratings are in general lower 
than corresponding ratings on the Lycoming cylinder, those 
on the Lycoming cylinder varying from about 8*-lA + 0.7 to 
S-1A + 1.6. The values of indicated mean effective pres- 
sure are muoh higher for the Lycoming cylinder than for 
the C.F.E. cylinder, for both the referenoe and the test 
fuels. 
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gffeot of additions of aromatlcs and isopropyl ether .- 
Figures 6, 7, 8,. and. 9 show the effect of the addition of 
15 peroent "benzene to fuels 9, 10, 11, and 13, respectively. 
The general result was about the same for all the fuels* 
The addition of benzene inoreased the performance slightly 
at the leaner mixtures and considerably at mixtures rioher 
than about 0.-09. The main difference among the fuels was 
the amount of the rich-mixture improvement . This improve- 
ment in permissible indicated mean effeotive pressure 
varied from 8 to IS peroent and from 0.6 to 0.9 ml tetra- 
ethyl lead based on S-1A at a fuel-air ratio of 0.10. 
Zuel 12 showed the greatest improvement at extremely rioh 
mixtures. Sinoe this fuel 'originally contained some aro- 
matlcs, the possibility is suggested that the rate of rich- 
mixture improvement caused by the addition of aromatios in- 
creases as the percentage of aromatios increases. This 
statement has been found true in some o.ther cases. 

The indicated fuel consumption was not changed by the 
addition of the benzene except at the extremely rich mix- 
tures. The ohange here was small and occurred at mixtures 
too rich to be of any practical value. 

Table 7 lists data obtained by Zsso Laboratories on 
NACA fuels 9, 10, 11, and 13, each with 15 percent ben- 
zene, and fuel 11 with 15 percent isopropyl ether. By a 
comparison of these values with the values in figure 5, 
it is seen that the rioh-mlxture ratings were Increased 
markedly by the addition of the benzene, the amount of 
the increase varying from about 0.6 to about 3.1 ml tetra- 
etlyl lead based on 8-1. The improvement to fuel 11 was 
by far the greatest of the improvements to the three fuels 
in the C.F.R. cylinder; whereas it was the least of the 
improvements to these three fuels in the Lycoming cylinder. 

The effects of additions of toluene, xylene, and 
isopropyl ether to fuel 11 are shown in figures 10, 11, 
and 13, The performance at rich mixtures was improved by 
eaoh of these additions in the same manner as by the ben- 
zene additions. The toluene blend gave a rich-mixture 
performance very slightly higher than the benzene blend 
with fuel 11, and the performance of the xylene blend was 
lower than either. The isopropyl ether blend gave about 
the same rich-mixture improvement as the xylene blend. 
The performance in the vioinlty of the maximum knock mix- 
ture was decreased slightly for all the aromatic blends 
with fuel 11; whereas the iaopropyl ether blend gave 
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slightly improved performance through-out the. fuel-air- 
ratio range. The indicated fuel consumptions for theae 
blende shoved little or no difference from those for 
straight fuels throughout the practical operating range. 

3sso Laboratories obteined a muoh greater increase 
in rich-mixture performance for the isopropyl ether blend 
with fuel 11 than was obtained in the Lycoming cylinder. 
The C.F.R. supercharge method rich-mixture rating was in- 
creased from about S-l + 0.6 to S-l + 2.6 by the addition 
of 15 peroent isopropyl ether (table T) while the corre- 
sponding increase in the Lycoming cylinder was from S-1A 
+ 1.6 to S-1A + 2.0. The C.T.E. supercharge method tests 
gave the isopropyl ether blend a higher lean-mixture rat- 
ing than the benzene blend, which agrees with the results 
obtained with the Lyooming cylinder. 

Figure 13 contains the performance curves of a blend 
of 40 percent mixed aromatios (50 percent toluene, 37.5 
percent xylene, 12.6 percent benzene) with fuel 11. Al- 
though the lean-mixtuie performance was appreciably lover 
than for the straight fuel, the rich-mixture performance 
was increased very greatly. The maximum value of indi- 
cated mean effective pressure was at approximately 0.12 
fuel-air ratio, and here the rating was increased from 
S-1A + 1.0 to an estimated value of S-1A + 3„9. Some 
afterfiring, as indicated by the points narked "A" on the 
indicated mean-ef f sotive-pressure curve, was experienced 
in testing this blend, but it was not serious enough to 
. cause any difficulty. It is thought that the afterfiring 
originated at the spark plug and therefore did not affect 
the knock rating. In the absence of preignition a fuel 
of this type would be very advantageous for take-off or 
for emergency power. 

The Indicated fuel consumption for this blend was 
lower than that for the otraight fuel for all mixtures 
except the very leanest. This decrease amounts to about 
6 to 7 peroent for a given fuel-air ratio in the cruising- 
mixture range. 

A summary of the effects of the various aromatic ad- 
ditives is shown in figure 14. At these operating condi- 
tions the individual aromatios are rated in the following 
descending order: toluene, benzene, xylene. 
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Testa at 3100 rpm and 260° T Inlet-Air Temperature 

Performance of referenoe fuels .- S-l and S-l plus 
tetraethyl lead were used as reference fuels for the tests 
at 3100 rpm and 250° T Inlet-air temperature. figure 15 
shows the performance curves for these fuels. It is in- 
teresting to note that the values of indicated mean ef- 
fective pressure for rich mixtures are above the values 
at the lower speed (fig. 3), but that they are considera- 
bly below the values at the. lower speed for the leaner 
mixtures. The maximum knock mixture and the point of min- 
imum Indicated fuel consumption are at slightly leaner 
mixtures than for the lower speed runs. The indicated 
fuel consumption is slightly higher than for the runs at 
2000 rpm for mixtures rioher than the maximum knock mix- 
ture. 

Performance of NAG A fuels 7, 7 plus benzene, and 8 . - 
Tests of fuels 7 and 8 at 2000 rpm at inlet-air tempera- 
ture* of 160° and 250° 7 were reported in referenoe 2. 
At this lower speed there was a marked difference in the 
performance of the two fuels, fuel 8 giving much better 
performance than fuel 7. Since the tests reported in 
reference 2, these fuels have been tested at 3100 rpm. 
The results of these tests, along with tests of fuel 7 
with 15 percent benzene, are presented in figure 16. It 
is seen that the performance of the three fuels is prac- 
tically the same except at the extremely rich mixtures. 
At mixtures richer then 0.11, fuel 7 plus benzene re- 
quires about 0.4 ml more tetraethyl lead in S-l for per- 
formance matching than does the straight fuel. The per- 
formance of fuel 8 continued to increase with no indica- 
tion .of leveling off at a fuel-air ratio of 0.116, which 
was the highest value attained. Inasmuch as fuel 8 con- 
tains about 15 percent aromatics, it might be expeoted to 
have good rich-mixture performance. The addition of 15 
percent benzene to fuel 7, however, did not place it on a 
par with fuel 8 for rich-mixture performance. The only 
other differences between fuels 7 and 8 are the propor- 
tions of phosphoric acid iso-octane and light naphtha. 
The compositions of these fuels are shown in tables I and 
II. 

Performance of HAOA fuels 9, 10. 11. and 12 ,- In fig- 
ure 17 are shown the performance curves of fuels 9, 10, 
11, and 12. The performance of fuel 12 is considerably 
lower than that for the other three fuels at the leaner 
mixtures, having an estimated octane number of 97 at the 
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maximum knock mixture. The other three fuels have per- 
formance curves very near each other except at the richer 
mixtures. Fuel 11 gives a very slightly "better perform- 
ance than the others throughout most of the fuel-air- 
ratio range. The fact that fuel 12 has a lower lean- 
mixture rating and shows more improvement than the other 
three fuels as the mixture is enriched might he explained 
by its aromatics content. 

Effect of additions of aromatlcs and isopropyl ether . 
In figures 18, 19, 20, and 21 are shown the effects of 15- 
percent additions of benzene to fuels 9, 10, 11, and 12. 
The general effect is the same for the four fuels. All 
showed appreciable improvement at fuel-air ratios greater 
than 0.11 hut showed no improvement in the normal operat- 
ing range. Performance at extremely lean mixtures was 
also improved noticeably. Fuel 10 showed the greatest 
rich-mixture improvement, with 11, 12, and 9 following in 
that order. The increase for fuel 10 was from S-l + 0.5 
to S-l + 1.0 at a fuel-air ratio of 0.12. These increases 
are somewhat smaller than those obtained at 2000 rpm and 
250° F inlet-air temperature. 

The effeots of toluene, xylene, and Isopropyl ether 
additions to fuel 11 are shown in figures 23, 23, and 24. 
The toluene blend provided a large Improvement for fuel- 
air ratios above 0.10, while the xylene blend showed no 
appreciable improvement at any mixture. The isopropyl 
ether blend showed only slight improvement at rich mix- 
tures and at extremely lean mixtures. The improvement 
for the toluene blend was from S-l + 1.0 to an estimated 
value of 8-1 + 2.0 at a fuel-air ratio of 0.12. This im- 
provement was of the same order as that obtained at 2000 
rpm. Improvements ohtained by additions of benzene; 
xylene, and isopropyl ether were lower than at 2000 rpm. 
On the basis of the tests at 3100 rpm, the aromatics 
might he listed according to the improvement derived from 
small additions to fuel 11 in the following descending 
order: toluene, "benzene, xylene. This is the same order 
obtained at 2000 rpm. 

Indicated fuel consumptions at normal operating mix- 
tures were not changed appreciably by the addition of 
small amounts of aromatics or isopropyl ether to fuel 11. 

In figure 25 are shown the performance curves for a 
blend of fuel 11 with 40 percent mixed aromatics (50 per- 
cent toluene, 37.5 peroent xylene, 12.5 percent benzene). 
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There is a tremendous increase in performance for mixtures 
richer than 0.105 fuel-air ratio. At 0.12 fuel-air ratio, 
an increase of 38 percent" in 'the 'maximum permissible ■ indi- 
cated mean effective pressure vas recorded. At this mix- 
ture an estimated rating of 8-1 + 4.0 had been reached. 
Mixtures richer than 0.12 were not tested, but there is 
some indication that the performance vas beginning to 
level off. Shis rating of S-l + 4.0 is about the same as 
that obtained at 2000 rpm, the rating at the lover speed 
being an estimated 8-1 + 8.9 at the same fuel-air ratio. 

Considerable afterfiring, as indicated by the points 
marked A on the indicated mean-ef f eotive-pressure ourve, 
vas enoountered at the higher outputs vith this fuel. It 
is not knovn vith certainty that this afterfiring vas 
caused by the spark plugs. The spark plugs were ohahged ■ 
from Champion C-34S to Bendix 6S-6 before the richest run, 
but the change did not diminish the afterfiring. Both of 
these plugs are cold plugs, hovever, and it is not knovn 
vhloh, if either, is the better for maintaining lover 
electrode temperatures. At any rate, a^l the points on 
the ourve represent knocking conditions and, if the after- 
firing originated at the spark plugs, the points indicated 
are true knock points, So evidence of preignltion vas 
found. 

The performance of the mixed aromatios blend vas de- 
finitely Inferior to that of the straight fuel at cruis- 
ing mixtures, the knook rating for the aromatic blend 
being S-l against a rating of S-l + 1.1 for the straight 
fuel at 0.08 fuel-air ratio. Indicated fuel consumptions 
for the mixed aromatios blend vere slightly lover than 
for the straight fuel for mixtures richer than 0.07, but 
the difference vas probably of little importance, fig- 
ure 26 presents a summary of the results obtained from 
the blends of aromatios vith fuel 11 at 8100 rpm, 

In moot oases at 8100 .rpm the fuel-air ratio for 
maximum indicated mean effective pressure vas in excess 
of 0,12 for the aromatic blends. The Xsso data in table 
7 shov similar results. 



Tests at 2000 rpm and 160° 7 Inlet-Air Temperature 

Performance of reference fuels .- When tested at 2000 
rpm and 160° T inlet-air temperature, the reference fuels, 
S-rlA and S-l A plus tetraethyl lead, gave the performances 
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jBhown In figure 27. The levels 'of performance shown "by 
the indicated mean-ef f eotive-pres'sure curves 'are somewhat 
higher than the levels for the same fuels at the .higher 
inlet-air temperature. The Curves. have the same general 
shape as those for the 250° 7 inlet-air temperature., the 
.main difference being the amount of rioh-mizture apprecia- 
tion. The higher inlet-air temperature caused a greater 
increase in performance as the mixture was enriched. 

. The' indicated fuel consumptions for the four refer- 
ence ftiels can "be represented "by a single line, and this 
line is nearly 'identical with the one obtained at the 
higher inlet-air temperature. 

Performance of fuel 11 with and without benzene 
addition .- Tigure 38 shows the performance of fuel 11 
and fuel 11 plus 15 percent "benzene. There Is little ■ 
difference in the shape of the two curves. Both curves 
-are peculiar in that they rise almost vertically at mix- 
tures' richer than 0.14. Unfortunately, this rise occurs 
at mixtures too rich- to he of practical value. The ben- 
zene blend is slightly better than the straight fuel at 
rich and at extremely lean mixtures. The indicated fuel 
consumptions for the two fuels are the same for normal 
operating mixtures. 

Tests at 3100 1 "rpm and. 150° 7 Inlet-Air Temperature 

Perf ormanpft'of- reference fuels .- The performance 
curves for the. reference, fuels for tests at 3100 rpm and 
150° 7 inlet-air temper at ur.e are" shiown," in ' figure 29. It 
will be riotgd thftt their shape is somewhat similar to the 
shape of the reference curves for the. same inlet-air 
temperature, and. 2000 rpm, shown in figure 27. The slope 
on .the rich side is* slightly greater than for the runs 
at 2000 rpm. The . difference seems to be characteristic 
of the reference curve* at jLh'e two speeds. Maximum knock 
mixture is at about 0.07 fuel-air ratio for all of the 
reference curves except those at 3100 rpm and 250° 7 inlet- 
air temperature (fig. 16). For these test conditions the 
maximum knock mixture is somewhat leaner. 

' ' ' 

Performance 'of fuel- 11 with and without benzene 
addition s. - A% 3100" rpm -and 160° 7 inlet-air temperature 
.the benzene blend 'was -better ,than the straight fuel, 
throughout the entire fuel-air-ratio range* The perform- 
ance ourves, presented in figure 30, show that the 
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greatest differenoe is at the richer mixtures, ae has 
"been the case for praotioally all of the aromatic blends 
at all operating conditions". At a fuel-air ratio of 0.10 
the improvement is from S-1A + 1.2 to S-1A + 2.3. 

The indlcated-fuel-eoneumption ourve for the benzene 
blond is typical of those for aromatlo blende. There is 
little or no difference between the fuel consumptions for 
the straight fuel and the benzene blend at normal operat- 
ing mixtures, but the benzene blend shows slightly lower 
consumption at extremely rich mixtures. 



Effect of Speed on Enook Bating 

The general effect of engine speed on the performance 
is the same for fuels 7 through 12. Figures 31(a), Cb), 
(a), (d), (e), and (f) show this effect for these fuels. 
In nearly every oase the lower speed performance is con- 
siderably batter for all of the leaner mixtures up to a 
fuel~alr ratio of about 0.10. 

It is interesting to note that the actual knock rat- 
ing expressed in terms of the reference fuels was gener- 
ally higber for the lower speed runs at the higher inlet- 
air temperature. A study of table VI shows that in most 
cases the knock rating was higher at the lower speeds, 
except at the rich mixtures, where there was a tendency 
for the runs at both speeds to approach equal ratings. 
This trend, however, did not hold true for the lower 
inlet-air temperature. For these runs the higher speeds 
gave the higher knock ratings. 



Effect of Inlet-Air Temperature on Knock Bating 

Figure 32(a) shows the performance ourves for fuel 
11 at two inlet-air temperatures, 250° and 150° T, for an 
engine speed of 2000 rpm. Figure 32(b) shows the same 
curves for 3100 rpm. In general a higher level of per- 
formance was obtained at the lower temperature. The in- 
dicated mean-effective-pressure curves for the runs at 
2000 rpm are somewhat similar, the main differences being 
the locations of the maximum and minimum points. Except 
for the points at the maximum knock mixture, the maximum 
and minimum points occur at a slightly higher fuel-air 
ratio for the higher temperature. This same effect was 
noted in reference 2 to a somewhat greater extent. The 



I I 
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ourve for 150° I inlet-air temperature rises very steeply 
after passing through its minimum point at about 0.13 
fuel-air ratio. The curve for 250° ? might have "been of 
the same form had the mixture been enriched sufficiently 
past the minimum point at 0.14 fuel-air ratio. It was 
stated in reference 2 that differences in the amount of 
vaporisation at the two temperatures might be influencing 
the reaction. Ho other explanation is evident at the 
present time. 

The effect just mentioned occurs to a very marked 
degree at the higher engine speed. Figure 32(b) shows 
that the curve for 250° I Inlet-air temperature did not 
reach its maximum point until a fuel-air ratio of 0.12 
was reached. The corresponding maximum point for the 
160° P curve occurs at about 0.085 fuel-air ratio. 

The indicated-fuel-consumption curves for the 2000 
rpm runs show a lower consumption throughout nearly the 
entire fuel-alr-ratio range for the 150° F runs. A com- 
parison of figures 28 and 8 shows that this same differ- 
ence occurs with the bensene blends with fuel 11 at the 
two inlet-air temperatures. The reason is not obvious. 
It does not oocur at the higher engine speed. 



Effect of Spark Advance on Knock Rating 

In order to determine some of the effects of spark 
advance on the knock rating of a fuel, a series of runs 
was made at 3100 rpm with the apart setting normally UBed 
for rune at 2000 rpm. The results of these tests are 
shown in figure 33. It is noted that the performance 
with the retarded spark waB considerably better in the 
vicinity of the maximum knock mixture but that the differ- 
ence became smaller as the mixture was leaned or enriched 
from this point. Between fuel-air ratios of 0.10 and 
0.13 the maximum permissible indioated mean effective 
pressure became less for the retarded spark, although the 
permissible inlet pressure remained slightly higher. 
This trend is reflected very slightly in the indicated 
fuel consumption. At mixtures richer than 0.13 the per- 
missible inlet pressure increased very rapidly with very 
little increase in indicated mean effective pressure. 

The indicated fuel consumption for the lean and ex- 
tremely rich mixtures was slightly higher for the retarded 
spark. The difference at mixtures between 0.08 and 0.11 
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vaB bo email that It did not show up in the eurvee. In 
.many cases it might he desirable to ohtain the increased 
performance at the expense of the very slight inorease in 
fuel consumption. It is interesting to note that at mix- 
tures between 0.07 and 0.10, the spark may he retarded 
and the same power maintained at a leaner mixture. There 
fore, while operating at the knock limit, one may retard 
the spark and maintain the same power at a lover fuel oon 
sumpti on. 

It is not known to what extent retarded spark might 
affeot other fuels but, bsoause the optimum spark setting 
is substantially the same for most fuels, it is probable 
that the same possibilities of increased performance or 
lower fuel consumption for a given performance might be 
expected for most fuels under these same conditions of 
engine operation. 



8UMMASY 07 OOQE RATINGS 



Table VI presents the values of maximum permiesible 
indicated mean effective pressure expressed as a percent- 
age of the values for S-l (or S-1A) for the reference 
fuels. Table VII contains the same data for the test 
fuels. In general there seems to be considerable varia- 
tion among these percentages for any one test fuel at 
different fuel-air ratios. This variation in especially 
great in the oase of the fuel containing 40 percent aro- 
matics. There is also considerable difference between 
the percentages at 2000 and 8100 rpm and between the per- 
centages at 160° and 260° I inlet-air temperature. 

In table VIII are shown the values of maximum per- 
missible mean effective pressure for the fuel blends ex- 
pressed as a percentage of the values for the straight 
fuels. This table gives a direct picture of the effects 
of the various additives at all engine conditions used. 

The individual knock ratings of the fuels at each 
engine condition based on the reference fuels for that 
condition are presented in table IX. The variations here 
are similar to those in tables VI and VII. It is apparen 
that any method of averaging these values would give only 
misleading results. 
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CONCLUSIONS- 



The data of this report Indicate that: 

1. The addition of aromatics permits an appreciable 
increase in the rich-mixture performance of this series 
of fuels in practically all cases. In some cases slight 
i3pr:vcient is obtained, in the extremely lean-mixture 
parf ormaace. Large proportions of aromatios tend to de- 
crease the performance at intermediate mixtures. 

2. The increase in rich-mixture performance caused 
by small additions of aromatics is in general lees for 
the higher speed. 

3. The addition of large amounts of aromatics 
c&uses large increases in rich-mixture performance but 
also may cause afterfiring. Freignition was not detected 
in any case* 

4. The addition of small quantities of aromatios 
results in little or no change in indicated fuel con- 
sumption at normal operating mixtures. Large proportions 
of aromatios result in slightly lower indicated fuel con- 
sumption throughout most of the fuel-aix-ratio range, only 
the leanest mixtures showing no change 

5. The addition of small amounts of isopropyl ether 
has about the same effect as the addition of aromatios, 
except that the rich-mixture improvement is slightly less than 
that for the addition of benzene or toluene. 

6. The aromatics and Isopropyl ether might be clas- 
sified in the following descending order acoording to the 
benefits derived from additions of small quantities to 
fuel 11: toluene, benzene, isopropyl ether, xylene. 

7. The performance can be increased considerably in 
the vicinity of the maximum knock mixture by retarding the 
spark a moderate amount. The increase in fuel consumption 
io very small. When operating at the knock limit it is 
possible to retard the spark and maintain the same power 
at a leaner mixture and thus at a lower fuel consumption. 
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8, The variation in percent paraffins, naphthenes, 

and olefins was too small in these fuelB to permit any 

evaluation of base stocks or blending agents on the basis 
of composition. 



Langley Memorial Aeronautical Laboratory, 

Hational Advisory Committee for Aeronautics, 
Langley Field, Ta. 
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TAB LIS I.- COMPOSITION 03P FUELS TESTES 



HACA 
fuel 


Amount of 
TEL per 
gallon 
(ml) 


Composition of fuel 


Octane number by 
C.T.E. aviation 
method 


7 


2,74 


60 percent phosphoria aoid 
iso-ootane in 40 percent 
jLignu napntna 


100.0 


8 


2.79 


70 peroent phosphoric acid 
iso-ootane in 15 percent 
light naphtha and 16 
pei cent usnxene 


100.0 


9 


2.91 


56 percent aviation alkyl- 

tlw" till WL 7 p o I U D U u 11 jr U. X U — 

pentane8 in 74-octane 
number straight run 


97.9 


10 


2.78 


46 peroent natural gaso- 
line "blending naphtha in 
commercial iso-octane of 
about 91- octane number 


S-1 + 0.01 


11 


3.00 


50 percent alkylate in 
Midway-type base stock 


S-1 + 0.01 


12 


3 


42 percent alkylate in 
Houdry-type base stook 


100.0 



TABLE II.- HYDROCARBON ANALYSIS 07 FUELS TESTED 



NACA fuel 


Paraffins 


Naphthenes 


Olefins 


Aromatics 




(percent ) 


(peroent ) 


(peroent ) 


(percent ) 


7 


93 


4 


2 


1 


8 


81 


2 


2 


15 


9 


81 


17 


0 


2 


10 


93 


7 


0 


0 


11 


85 


14 


0 


1 


12 


74 


13 


4 


9 



NACA 
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TABLE III 



INSPECTION DATA ON NACA FUELS 9, 10, 11, AND 12 



NACA fuel 


9 


10 


11 


12 


Fuel type 


Straight run 74 


Commercial 


Midway 


Houdry base 


+ alkylate 


isooctane 


base 


+ alkylate 




+ hydropentanea 


+ blending naphtha 


+ alkylate 




Composition, percentage blending 


50 percent alkylate 








agent In base stock 


9 percent 






42 


hydropentanes 


46 


50 


VJravity, deg. A.P.I. 


69.6 


71.5 


68.2 


66.5 


Re Id vapor pressure, lb/sq In. 
Amount of TEL per gallon; ml 


6.7 


7.00 


6.5 


6.2 


2.91 


2.78 


3.00 


3 


Initial boiling point, °F 

10 percent evaporation 


109 


104 


108 


106 


147 


136 


151 


150 


20 percent evaporation 


162 


147 


167 


187 


50 percent evaporation 


207 


190 


206 


210 


90 percent evaporation 


247 


260 


242 


252 


Final boiling point, °F 


288 


345 


324 


308 


Percentage recovery 


98 


98 


98 


98 


Percentage loss 


1.5 


1.0 




1.2 


Percentage residue 


0.5 


1.0 




0.8 


Accelerated aging gum, mg/lOO ml 
Copper dish gum, mg/100 ml 




2.0 




3.0 






2.0 


3.2 


1 


3 


Copper dish corrosion 


Pass 






Pass 






Octane number by C.F.R. 










aviation method 


97.9 


S-l + 0.01 


S-l + 0.01 


100.0 


Approximate composition: 




93 


85 


74 


Percentage paraffins 


81 


Percentage naphthenes 


17 


7 


14 


13 


Percentage olefins 


0 


0 


0 


4 


Percentage aromatics 


2 


0 


1 


9 



TABLE IV 



ffXDROGEN-CARBON RATIOS AND HEATS OF COMBUSTION OF 
NACA FUELS 9 TO 12 AND FUEL MIXTURES 



Fuel 


Specific 
gravity 


Hydrogen 
(percent) 


Carbon 
(percent) 


h/c 


Fuel-air 
ratio for 
complete 
oombustfon 


Gross heat of 
combustion 
( Btu/lb ) 


Net heat of 
combustion 
(Btu/lb) 


9 


0.6937 


15.47 


84.53 


0.183 


0.0663 


20,520 


19,057 


10 


.6881 


15.68 


84.32 


.186 


.0661 


20,390 


18,907 


11 


.7017 


15.75 


84.25 


.187 


.0660 


20,460 


18,970 


12 


.7063 


14.97 


85.03 


.176 


.0668 


20,320 


18,904 


85 percent 9 
















15 percent benzene 


.7208 


14.06 


85.94 


.164 


.0678 


20,057 


18,727 


85 percent 10 
















15 percent benzene 


.7163 


14.23 


85.77 


.166 


.0676 


19,949 


18,603 


85 percent 11 
















15 percent benzene 


.7275 


14.30 


85.70 


.167 


.0675 


20,013 


18,660 


85 percent 12 
















15 percent benzene 


.7316 


13.67 


86.33 


.158 


.0682 


19,901 


18,608 


85 percent 11 
















15 percent toluene 


.7253 


14.51 


85.49 


.170 


.0C75 


20,078 


18,706 


85 percent 11 
















15 percent xylene 


.7243 


14.64 


85.36 


.172 


.0672 


20,143 


18,758 


66 percent 11 
















15 percent 
















iaopropyl ether 


.7046 


15.46 


82.13 


.188 


.0659 


19,918 


18,456 


60 percent 11 
















40 percent mixed 
















aromatics 


.7652 


12.67 


87.33 


.145 


.0693 


19,535 


18,362 



TABLE V 



RATINGS OP NACA FUELS 9, 10, 11, AND 12 WITH BENZENE 
ADDITIONS AND FUEL 11 WITH ISOPROPYL ETHER 
ADDITION BY C.F.R. SUPERCHARGE METHOD 
[Data from Esso Laboratories] 



Fuel 


C.F.R. supercharge method ratings 


Lean 
mixture 


Rich 
mixture 


Maximum 

imep 
(lb/sq in.) 


Fuel-air 
ratio for 
maximum 
imep 


85 percent 9+15 percent 


S-l + 0.3 


S-l + 1.2 


185 


0.133 


leaded benzene 




85 percent 10 + 15 percent 


95 octane 


S-l + 0.8 


176 


.123 


leaded benzene 




85 percent 11 + 15 percent 


98 octane 


S-l + 2.7 


196 


.129 


leaded benzene 




85 percent 12 + 15 percent 


98 octane 


S-l + 2.6 


195 


.132 


leaded benzene 








85 percent 11 + 15 percent 


S-l + 0.1 


S-l + 2.6 


195 


.133 


leaded isopropyl 




ether 











TABLE VI 

RELATIONSHIP BETWEEN FUEL-AIR RATIO AND MAXIMUM 
PERMISSIBLE INDICATED MEAN EFFECTIVE PRESSURE 
EXPRESSED AS A PERCENTAGE OF S-l (OR S-1A) 
[Temperatures shown refer to inlet-air temperatures] 





Maximum permissible imep, percent S-l (S-1A) 


Fuel- 


























air 


S-l + 0.5 




S-l + 


1.0 




S-l + 2.0 




S-l + 


3.0 




ratio 




























3100 rpm 


2000 


3100 


2000 


3100 


2000 


2000 


3100 


2000 


3100 


2000 


3100 




250° * 


rpm 


rpm 


rpm 


rpm 


rpm 


rpm 


rpm 


rpm 


rpm 


rpm 


rpm 






250°F 


250°F 


150°F 


150°F 


250°F 


150°F 


150°F 


250°F 


250°F 


150°F 


150°F 


0.05 


113 


124 


133 


107 


124 


140 


130 


134 


149 


158 




137 


.06 


111 


125 


121 


112 


121 


139 


129 


133 


152 


159 


154 


139 


.07 


115 


125 


122 


- 117 


119 


140 


135 


129 


155 


16Q 


158 


140 


.08 


115 


122 


123 


118 


117 


139 


138 


128 


161 


160 


154 


14a 


.09 


. 114 


117 


123 


120 


117 


134 


140 


128 


155 


154 


152 


141 


.10 


112 


119 


118 


120 


116 


133 


139 


129 


150 


146 


151 


139 


.11 


109 


117 


116 


119 


117 


132 


139 


131 


147 


147 


150 


139 


.12 


107 


115 


120 


119 


1X8 


131 


138 


132 


146 




151 


141 


.13 




116 




116 


114 


13% 


135 


125 


146 




150 




.14 




116 




112 




132 


130 




151 




145 





TABLE VII 

RELATIONSHIP BETWEEN FUEL-AIR RATIO AND MAXIMUM PERMISSIBLE INDICATED MEAN EFFECTIVE PRESSURE, 

EXPRESSED AS A PERCENTAGE OF S-l (OR S-1A) 
^Temperatures shown refer to inlet-air temperatureij 















Maximum permissible imep, percent of 


S-l (or S-1A) 










Fuel- 
air 


Fuel 7 


85 percent 
fuel 7, 
15 percent 
benzene 


Fuel 8 


Fuel 9 


85 percent 
fuel 9, 
15 percent 
benzene 


Fuel 


10 


85 percent 
fuel 10, 
15 percent 
benzene 


Fuel 


12 


85 percent 
fuel 12, 
15 percent 
benzene 


ratio 


3100 

rpm 

250°F 


3100 

rpm 

250°F 


.3100 
rpm 
250 F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 
rpm 
<so(J r 


3100 
rpm 
250 F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


0.05 
.06 
.07 
.08 
.09 
.10 
.11 
.12 
.13 
.14 


127 
118 
117 
125 
126 
128 
122 
117 


127 
114 
118 
126 
124 
122 
128 
125 


141 

121 
120 
131 
127 
126 
131 


111 
116 
119 
124 
119 
115 
110 
105 
101 
98 


116 
1Q9 
109 
119 
126 
126 
117 
112 


128 
119 
123 
129 
130 
129 
124 
119 
115 
110 


137 
118 
106 
111 
120 
123 
120 
118 


111 
111 
116 
121 
118 
113 
107 
103 
100 
99 


110 
110 
115 
116 
116 
114 
111 
107 


126 
120 
125 
128 
124 
123 
119 
115 
114 
109 


128 
112 
112 
116 
120 
119 
119 
120 


112 
116 
123 
133 
128 
123 
118 
113 
110 
108 


96 
92 
92 
97 
106 
112 
115 
116 


134 
132 
128 
140 
137 
135 
132 
129 
127 
123 


121 
103 
93 
97 
104 
118 
125 
124 














Maximum permissible imep, percent of 


S-l (or S-1A) 










Fuel- 
air 
ratio 


Fuel 


11 


. 85 percent 
fuel 11, 
15 percent 
benzene 


85 percent 
fuel 11, 
15 percent 
toluene 


85 percent 
fuel 11, 
15 percent 
xylene 


85 percent 
fuel 11, 
15 percent 
isopropyl 
ether 


60 percent 
fuel 11, 
40 percent 
mixed 
aromatlcs 


Fuel 


11 


85 percent 
fuel 11, 
15 percent 
benzene 




2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 ' 

rpm 

250°F 


3100 

rpm 

250°F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 




2000 

rpm 

250°F 




3100 

rpm 

250°F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 

rpm 

250»F 


3100 

rpm 

250°F 


2000 
150°F 


3100 

rpm 

150°F 


2000 

rpm 

150°F 


3100 

rpm 

150°F 


0.05 
.06 
.07 
.08 

:o9 

.10 
.11 
.12 
.13 
.14 


122 
128 
135 
143 
134 
127 
121 
115 
110 
104 


124 
113 
116 
125 
129 
127 
123 
120 


128 
. 127 
133 
141 
139 
137 
131 
125 
120 


137 
118 
116 
118 
121 
126 
129 
132 


120 
120 
135 
148 
145 
138 
133 
129 
126 
123 


117 
110 
107 
111 
126 
133 
133 
133 




125 
118 
126 
140 
139 
132 
126 
122 
118 
115 




104 
114 
118 
119 
120 
129 
125 
119 




131 
142 
146 
139 
133 
127 
122 
118 
110 




149 

127 
118 
117 
117 
132 
129 
123 


154 
124 
123 
137 
138 
143 
158 
159 
158 
151 


127 
112 
104 
101 
114 
118 
153 
162 


114 
116 
128 
135 
132 
128 
123 
119 
115 
112 


129 
130 
127 
130 
123 
118 
113 
109 
125 


123 
116 
123 
133 
133 
13Q 
126 
123 
118 
112 


144 

141 
136 
142 

137 
132 
128 
126 
121 



TABLE VIII 



RELATIONSHIP BETWEEN FUEL- AIR RATIO AND MAXIMUM PERMISSIBLE I HEP OP FUEL BLENDS 
EXPRESSED AS A PERCENTAGE OF THE STRAIGHT FUEL 











Maximum permissible lmep, percent 


straight fuel 












Fuel- 
air 
ratio 


85 percent 
fuel 7, 
15 percent 
benzene 


85 percent fuel 9, 
15 percent benzene 


85 percent fuel 10, 
15 percent benzene 


85 percent fuel 11, 
15 percent benzene 


85 percent fuel 12, 
15 percent benzene 




3100 rpn 
250° F 


2000 rpm 
250° F 


3100 rpm 
250° F 


2000 rpm 
250° F 


3100 rpm 
250° F 


2000 rpm 
250° F 


3100 rpm 
250° F 


2000 rpm 
250° F 


3100 rpm 
250° F 


0.05 

nti 

• Uo 

.07 
.08 

.09 

i n 

• AU 

,ii 

.12 
.13 
.14 


100 
97 
101 
101 
99 
96 
106 
107 


116 
103 
103 
104 
109 
113 
113 
114 
114 
113 


118 
109 
97 
93 
95 
98 
102 
105 


114 
108 
108 
105 
105 
109 
111 
112 
114 
110 


116 
102 
98 
101 
103 
105 
107 
112 
110 


105 
99 
98 
99 
104 
108 
108 
109 
109 


111 
104 
100 
94 
94 
99 
105 
110 
112 
114 


120 
114 
104 
106 
107 
110 
112 
114 
115 
115 


126 
112 
101 
101 
98 
106 
108 
107 
113 






Maximum permissible imep, percent 


straight fuel 












Fu«l- 

air 

ratio 


85 percent fuel 11, 
15 percent toluene 


85 percent fuel 11, 
15 percent xylene 


85 percent fuel 11, 
15 percent isopropyl 
ether 


60 percent fuel 11, 
40 percent mixed 
aromatics 


85 e? er ? ont 

15 pereont 
benzene 




2000-rpm 2 
250° F 


100- rpm 
250° F 


2000„rpm 
250° F 


3100 rt rpm 
250° F 


2000-rpm 
250° P 


310Q„rpm 
250° F 


2000„rpm 
250° F 


3100 
250 




2000-rrm 
150° F 


3100 j*m 
150°^ 


0.05 
.06 
.07 
.08 
.09 
.10 
.11 
.12 
.13 
.14 


99 
94 

100 
103 
109 
109 
110 
112 
115 
118 


94 

97 
92 
88 
98 
105 
106 
110 
113 


102 
92 
94 
98 
104 
104 
105 
106 
107 
110 


84 
101 
102 

95 

93 
102 
101 

99 
101 


102 
105 
103 
104 
105 
105 
106 
107 
106 


120 
112 
102 
93 
91 
105 
104 
102 
104 


126 
97 
91 
96 
103 
113 
131 
138 
143 
145 


103 
99 
90 
80 
88 
93 
124 
134 


108 
100 
96 
99 
101 
102 
102 
103 
103 
100 


112 
109 
107 
110 
111 
112 
113 
116 
97 



TABLE IX 



RELATIONSHIP BETWEEN FUEL-AIR RATIO AND INDIVIDUAL KNOCK RATINGS FOR THE VARIOUS KHOINB CONDITIONS 

[Temperatures shown refer to inlet-air temperatures] 



Fuel- 
air 
ratio 


Valu 


es are S-l (or S-1A) plus reoorded ml TEL per gallon 


Fuel 7 


85 percent 
fuel 7, 
15 percent 
benzene 


Fuel 8 


Fuel 9 


85 percent 
fuel 9, 
15 percent 
benzene 


Fuel 10 


86 percent 
fuel 10, 
15 percent 
benzene 


Fuel 12 


85 percent 
fuel 12, 
15 percent 
benzene 


3100 

rpm 

250°F 


3100 

rpm 

250°F 


3100 

rpm 

250°F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 
250°F 


3100 

rpm 

250°F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 

rpa 

250°F 


3100 

rpm 

250°F 


0.05 
.06 

• Ur 

.08 
.09 
.10 
.11 
.12 
.13 
.14 


Q.9 
.0 

.6 
1.1 
1.2 
1.7 
1.4 

.9 


a. 9 

.7 
.7 
1.2 

1.1 

1.3 
b 1.3 


1.6 
1.0 
.9 
1.4 

1.6 

2.0 


0.5 
.6 
.8 
1.1 
1.1 
.8 
.6 
.3 
.1 

*99 


0.6 
.4 
.3 
.8 
1.3 
1.6 
1.1 
.7 


1.3 
.8 
.9 

1.4 

1.8 
1.7 
1.5 
1.3 
1.0 
.6 


1.3 
.9 
.2 
.4 
.8 
1.4 
1.3 
.9 


0.5 
.4 
.6 
.9 

1.0 
.7 
.4 
.2 

0 
»99 


0.4 
.4 

.5 
.6 
.6 
.7 
.7 
.5 


1.1 
.8 
1.0 
1.4 
1.4 
1.3 
1.1 
1.0 
.9 
.6 


0.9 
.6 
.4 
.6 
.8 
1.1 
1.2 
1.0 


0. s 
.« 

1. Q 
1.6 
1.6 
1.3 
1.1 

.9 
.6 
.5 


a 99 

a 97 
*97 
a 99 

.2 
.5 
.9 
.8 


1.8 
1.4 

1.2 
2.1 
2.1 
2.1 
2.1 
1.9 
1.7 
1.5 


0*7 

*98* 

*B9 

.1 
1.0 
,1.6 

*l.A 


Varia- 
tion, 
ml 


1.1 


1.1 


1.1 


1.2 


1.3 


1.2 


1.2 


1.1 


.3 


.8 


.8 


1.1 


1.2 


.9 


1.8 


Fuel- 
air 

ratio 


Values are S-l (or S-1A) plus recorded ml TEL per gallon 


Fuel 11 


85 percent 
fuel 11, 
15 percent 
benzene 


85 percent 
fuel 11, 
.15 percent 
toluene 


85 percent 
fuel 11, 
15 percent 
xylene 


85 percent 
fuel 11, 
15 percent 
isopropyl 
ether 


60 percent 
fuel 11, 
40 percent 
mixed 
aroma tics 


Fuel 11 


85 percent 
fuel 11, 
15 percent 
benzene 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 

rpm 

25Q°F 


3100 

rpm 

250°F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 

rpm 

250°F 


3100 

rpm 

250°F 


2000 

rpm 

1SQ°F 


3100 

rpm 

150°F 


2000 

rpm 

150°F 


3100 
150°F 


0.05 
.06 
.07 
.08 
.09 

• 10 
.11 

.12 
.13 
.14 


0.9 
1.2 
1.7 
2.2 
2.0. 
1.6 
1.3 
1.0 
.7 
.3 


0.8 
.6 
.6 
1.1 
1.4 
1.6 
1.5 
1.0 


i.2 
1.1 

1.5 

2.1 

2,2 

2.2 

1.9 ' 

1.6 

1.3 


1.3 
.9 

'.7 
.9 
1.6 
1.8 
b2.0 


0.8 
.8 
1.7 
2.4 
2.5 
2.3 
2.1 

1.9 
1.6 
1.4 


0.6 
.4 
.2 
.4 
1.2 
2.1 
2.1 
D 2.0 


1.1 
.7 
1.1 
2.1 
2.2 
1.9 
1.6 

3.4 
1.1 
1.0 


Q.2 

.6 s 

.7 

.8 

.8 
1.8 
1.6 

1:2 


1.4 
2.2 
2.3 
2.2 
2.0 
1.7 

1.4 

1.1 
.7 


2.3 
1.3 
.7 
.6 
.6 
2.0 
1.8 
b 1.2 


^3.6 
1.0 
.9 
l.S 
2.2 
,.2.6 
b 3.7 

68:8 

3.0 


0.9 
.6 
.2 
.0 

.6 . 

b 3.4 
\_ 


1.3 
1.2 
1.6 
1.9 
1.6 
1.4 
1.2 

l.Q 


1.5 
1.8 
1.8 
2.1 
1.6 
1.2 
.8 

2.*§ 


1.7 
1.2 
1.3 
1.8 
1.8 
1.5 
1.4 

1:! 

1.0 


b 3.3 
2.6 
3.0 
2.7 
2.3 
1.8 

1:1 


Varia- 
tion, 
ml 


1.9 


1.0 


1.1 


1.4 


1.7 


1.9 


1.1 


1.6 


1.6 


1.7 


3.0 


4 


1.0 


1.6 


.8 


1.7 



^Estimated values. 
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1 Distillation curves, fuels 9, 10, 11, 12, and S-l 

2 Braving - Installation of long- and short-reach spark plugs 

5 2000 rpm, 250° F - reference fuels S-1A and S-1A. plus 
tetraethyl lead 

4 2000 rpm, 250° F - fuels 9, 10, 11, 12 

5 Esso 3-C curves - fuels 9, 10, 11 
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fuel 11 + 15 percent benzene 
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2000 rpm, 


250° F - 


fuel 


12, 


fuel 12 + 15 percent benzene 


l n 

1U 


2000 rpci, 


250° F - 


fuel 


11, 


fuel 11 + 15 percent toluene' 


11 


2000 rpm, 


250° F - 


fuel 


11, 


fuel 11+15 percent xylene 


12 


2000 rpm, 


250° F - 


fuel 


11, 


fuel 11 + 15 percent isopropyl 

ether 


15 


2000 rpm, 


250° F - 


fuel 


11, 


fuel 11 + 40 percent mixed 

aramatii 


14 


2000 rpm, 


250° F - 


fuel 


n, 


fuel 11 + various aromatlcs 


15 


5100 rpm, 250° F - 
tetraethyl lead 


reference fuels S-l and S-l plus 


16 


5100 rpm, 250° F - 
fuel 8 


fuel 




fuel 7+15 percent benzene, 
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5100 rpm, 


250° F - 


fuels 9, 


10, 11, 12 
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5100 rpm, 


250° F - 


fuel 




fuel 9+15 percent benzene 


19 


3100 rpm, 


250° F - 


fuel 10, 


fuel 10 + 15 percent benzene 


20 


5100 rpm, 


250° F - 


fuel 


n, 


fuel 11+15 percent benzene 
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Figure Contents 
'21 "3100" rpm, 250° F - fuel 12, fuel 12 + 15 percent "benzene 

22 3100 rpm, 250° F - fuel 11, fuel 11 + 15 percent toluene 

23 3100 rpm, 250° F - fuel 11, fuel 11 + 15 percent xylene 

24 3100 rpm, 250° F - fuel 11, fuel 11+15 percent leopropyl 

ether 

25 3100 rpm, 250° F - fuel 11, fuel 11 + 40 percent mixed 

aromaticB 

26 3100 rpm, 250° F - fuel 11, fuel 11 + various aromatica 

27 2000 rpm, 150° F - reference fuels S-1A. and S-1A plus 

tetraethyl lead 

28 2000 rpm, 150° F - fuel 11, fuel 11 + 15 percent benzene 

29 3100 rpm, 150° F - reference fuels S-1A and S-1A plus 

tetraethyl lead 

30 3100 rpm, 150° F - fuel 11, fuel 11 + 15 percent benzene 
31(a) 2000 rpm, 3100 rpm - effect of engine speed on fuel 7 

(b) 2000 rpm, 3100 rpm - effect of engine speed on fuel 8 

(c) 2000 rpm, 3100 rpm - effect of engine Bpeed on fuel 9 

(d) 2000 rpm, 3100 rpm - effect of engine speed on fuel 10 

(e) 2000 rpm, 3100 rpm - effect of engine speed on fuel 11 

(f ) 2000 rpm, 3100 rpm - effect of engine speod on fuel 12 
'32(a) 2000 rpm - effect of Inlet-air temperature on fuel 11 

(t>) 3100 rpm - effect of inlet-air temperature on fuel 11 
33 Effect of retarded spark on fuel 11 




Fuel-air ratio 

Figure ?. - Performance of reference fuels 5-1A and 3-1 A pint tatraethyl lead at 2000 rjm and 2$0°F 
lalet-air temperature. Incoming 0-12J0 oyliadert spark advanse, 21° i aoelant la let temperature, 

250°F| ecatpression ratio, 7.0. 
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FMl-alr ratio 

figm* 5 . - Comparative imhnwMt of BACA fuol* 9, 10, and 11 *y 3-c juthod. 2-5/8- t«>h 
O.r.*. eaclnai angina apaad, 1800 rpa; spark advaaoa, 1*5° 1 ooolant taap*ratura. 375°»i 
Mtrw Hoi ratio. 7-0j la*alw*lr twiporature, 225°T. Data fro* taoo Laborstorlsa. 
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Fuel-air ratio 

Figure 6 . - Performance of MCA fuel 9 with and without wVlltlcm of leaded benm at 2000 rpm 

end 250°F inlet^air temperature. lyoomlng 0-1830 cylinder j spark edTanoe, 21°} eoolaat Inlet 
temperature, 250°p» compression ratio, 7.0. 




flgM 7 . - H*rormSft<* of HACA fWl 10 with ul without addition of l..d*d b«,.n. at 

2000 rpw and 250"P inlot-air taaporatura. Lyoonln^ 0-1230 oylinder; spark adraooa. 21° t 
ooolant inlat tanperaturo. 250°?; aoapraaiien ratio, 7.0. * 4:1 1 




Awl-air ratio 

Figure 8 . * HftW «e IUCA f«el 11 with and without addition of loaded 

and 250°P ialat-alr t«npara«ure. t*-eomiac 0-1230 ajrliadan spark advaac*. 
ktara, 250°y» conp ret aicm ratio, 7.0. 



ben lace at 2000 ran 
21° i coolant Inlet 



BACA. 




Fu«l-air ratio 

Figure 9 . - rvfwwti of NMSA f«Ml 12 with and without addition of 1— da d taw 
and 250°T lnl»V»lr tawparature. Iflroomlng 0-12J0 oylinderi apark adYanoa, 21°J 
tenparatura, 250°Fj conpraaaion ratio, 7.0. 



«a at 2000 rpn 
coolant inlat 




Fuel-air ratio 

Figure 10 . - Performance of NACA fuel 11 with and without addition of leaded toluene at 2000 rp» 
and 250°F inlet-air temperature. lyooming 0-1230 cylinder i (park adranee, 21°j ooolant inlet 
temperature, 250°F; ooapreeiion ratio, 7.0. 



KACA 



IlC. 11 




Fual-alr ratio 

figure 11 . - rarformaaa of 1ACA fkwl 11 with ana without mMlHi of ImM arlma at 2000 rpa 
and 250°F inlet-air t«»paratur». Lyaoaing 0-12J0 eylindari spark adTanoa, 21°| eoolant ial»t 
tasparature, 250°P» eoaprasiion ratio. 7.0. 



MCA 



lif. U 




Fu»l-*ir ratio 

Figure 12 . - Perforaanoe of IACA fual 11 with and without addition of leadad Uapropyl ottaar 
at 2000 rp» and 250°F inlet-air teapereture. Igraoaing 0-1230 oylindort apart adranaa, 21° l 
ooolant lnlat temperature, 250°F» eoapreiaion ratio, 7.0. 



a HACA 



Tig. 13 




leaded Fuel-air ratio 
Figure 1J. - Effeot of addition of/mixed aromatioe on KACA fuel 11 at 2000 rpa and 250°T Inlet-air 
temperature, lyoaedng 0-1230 eylindert apark adranoe, 21° j ooolant inlet temperature, 250°F| 
ocenu-eieion ratio. 7.0. 
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laada£ Fual-air r»tlo 
Flcura Iti . - Iffaat of Tajrloaa/arantla adaltlraa on parfomuiaa of IACA foal 11 at 2000 ram 
•at 3$0°r l»l»t-*lr fapa>at»ra. Lrooadaf 0.1230 eyliaiart apark adranoa. 21°i aeelaat inlat 
taaawratura, 850°*^ cgaa» laalaa, ratio, 7.0. 



NACA 



fig. 15 




Fu«l-air ratio 

Figure 15. - Performanoe of rafer«noe fuel* 8-1 and 8-1 plus tatraathyl lMd at 3100 rpn and 2«0*P 
inlat-air taaparature. lyooming 0-1230 oyllndari aperk advaaoa, 29° I ooolaat Inlat taaparatsra, 

250°P; oonpresBlon ratio, 7.0. 
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Fuel-air ratio 

Figure 16 . - Perfonn«no« of JtACA fuel 7 with and without addition, of loaded benxene and MCA 

fuel 8 at 3100 rpn and 250°F inlet-air temperature. lyooalng 0^1230 oylinderj apart adTanoe, 29° 
ooolant inlet temperature, 250 8 F; oompreeeion ratio, 7.0. 



EACA 



Kg. 17 




1JACA 



ric. is 




Fuel-air ratio leaded > .s %/j 

Figure 18 . - Performance of KACA fual 9 with and without addition of /banian* at 3100 rp* ' 
and 250°P inlat-air tamparature. Lyooning 0-1230 oylinderi apark advanoe, 29°i eoolant 
inlet temperature. 250°Fi eonpreaelon ratio, 7.0. 



HaCA 



fig. 19 




Fuel-air ratio 

Figure 19 • - Perfomanoe of KACA fuel 10 with and without addition of leaded bentene at 3100 rpn 
and 250°P inlet-air tenperature . Igroonlng 0-1230 oylinder; apark adranee, 29° | coolant inlet 
tenperature, 250°Fj ooBprettlon ratio, 7.0. 



SACA »«• » 




Fual-air ratio 

Figure 21 . • Farfonaaoa of WACA fual 12 with and without addition of laadad bansaa* at 5100 rpm 
and 250°F lnlet-alr temperatura . lyaoning 0-12J0 oyllnder; apark adiranea, 29° ( ooolant lniat 
tanperature. 250°F; eonpresaion ratio, 7»0« 
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Fu«l-air ratio 

W|" 22 . - Pw fw nec of IACa flMl 11 with ana vltlmt addition eT 

and 250°P inlet-air tanperature. Lycoming 0-1230 oylinderj apark 
toaperature, 250°F; oo»pre«slon ratio, 7.0. 
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at 3100 rna 
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Fuel-air ratio 

Figaro 23 . - BerforMnoe of HACA fuol 11 with and without addition of loaded xylene at 3100 rpa 
and 250°F inlet-air temperature. Lycoming 0-1230 cylinder j spark adxance, 29° t ooolant Inlet 
temperature, 250°F; cooipreesion ratio, 7>0. 
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ru«l-»ir ratio 

rigara 2U . - I«rronMUM of ULCA faal 11 ona without riUU« of ImM IminwI 

at 3100 rpm and 250°F In let-air t*«paratur«. . Igreaalng 0-1230 cylinder; spark adraneo, 29°i 
ooolant inlat taaparature, S50°Tt eoaprassifn ratio* 7.0. 



UACA Fig. 25 

BJ l l | l l l l l l l l'l l' ll | ll l l l l 'll ' l' ' l '| i '' ' | ' l ' l | '''MI | 'l| | ' ll | ll ll | l lll | l lll | 1 11 1 . 




Figure 25. - Effeot of addition of /nixed aroMtio* on HACA fuel 11 at 3100 rp* and 250°F inlet-air 
temperature. Lyconing 0*1230 cylinder; spark advance, 29°; ooolant inlet temperature, 250°Fj 
eonpreealon ratio, 7.0. 
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leaded Fuel-air ratio 
Figure 26 . - Kffaot of varlous/aroaatlo additive* on parforaanoe of HACA fuel 11 at 3100 rem 
and 250°? Inlet-air ta ap r a tn ra. Lyooeing 0-1230 cylinder j apark advance, 29° 1 coolant inlet 
temperature, 250°P; oonpresalon ratio, 7.0. 



ULCA 



Jig. 27 




Fual-air ratio 

Flgur* 27. - ArfcrauN of rafaranoa fuala S-1A and 8-U plu» tatraathyl laad at 2000 rpei and 
1S0*T inlit-alr t— paratura. looming 0-1230 oyllaiari ipark adTansa, 21°t eoolant lalat 
tmr iratura, 250*Pt aoapraarlon ratio, 7.0. 
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Fuel-air ratio 

Figure 28. - Performance of KAC* fuel 11 with and without addition of loaded bensene at 2000 rpa 
and 150°P inlet-air temperature. Lycoming 0-12J0 oyllnderi (park adranoe, 81°i ooolant inlet 
temperature. 150°r» oonpreialon ratio, 7.0. 
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Fuel-air ratio 

Figure 30. - Parforaanee of KACA fuel 11 with and without addition of leaded bniml at 3100 rpt» 
and 150°F inlet-air tenaeratur e . Lyo twine 0-1230 cylinders spark advanea, 29° I ooolaat Inlet 
tenperature, 250°F| nifriaaloa ratio, 7.0. 
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Fig. 31* 
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rigors 31. - Co*t'«. 
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Mel-«lr ratio A * */"/«' 



)UCA fie 32a 




M|W» 32. . ITfMt of lalattlr taaa«r*tar« «■ ta* fwfgnuM of IACA fiwl 11. Lr»«Mi*« 0-12?0 
•jrlladwi spark advaaa*. 2 J? for 2000 rpa, 29* f»r 3100 rpaj ooolant Inlet tftntnw , 2$0°P| 
• ■■Jii ■•>iaa rati*, 7.0. 
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